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INTRODUCTION 
, THE PROBLEN 
There is a need to find a high protein food that is in­
expensive and yet contains all the essential amino acids. So far 
there has been small scale attempts made by a handful of companies 
to utilize some type of high protein product. Soybean seemed to be 
a likely possibility to fulfill these qualifications. 
The primary objective for doing this research problem is to 
attempt to answer whether soybean protein fits the qualifications 
neces5ary to alleviate the world food problem by proving to be an 
acceptable and inexpensive, yet highly nutritive food for those now 
suffering or those who will suffer in the future from malnutrition. 
Since this was such a relatively new field where very few 
literary reviews have been done, it was felt that the research done 
so far should be fully investigated as far as the possibilities of 
thi.s work in finding a solution· to the growing world food problem. 
THE PROBLEM--HISTORY 
"Modern, t�chnically competent man has managed, in a single 
heartbeat of earth's existence to anerge from the cave, to domesticate 
the wild, ·to conquer disease, and to harness the atom" (23). Now he 
is faced with the problem of stupendous growth in the total world 
population which spells drastic food shortages (23). 
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The need to expand the world food supply is vecy evident 
whether those that predict a great food shortage because of increase 
in the world population are right or not. Even if the world popu­
lation would not change, but wer! to remain constant, it would be 
many years before an adequate diet could be provided for all the 
developing nations (29). 
According to Altschul (2), "food is a major world problem; a 
major humanitarian.and medical problem; a major political problem; 
a major economic problem." While the dire need for actual foodstuffs-­
for calories-is quite clear, the requirements for protein has not 
been widely recognized. Aside from calories, people need protein 
every day and they have no way of storing it. And the protein must 
be or the proper quality (2). It is estimated that two billion 
people in the world-including up to 70 percent of children under 
age six--suffer from protein deficiency which can lead to mental as 
well as physical retardation. Each day about 10,000 people die 
from malnutrition and these are mostly children (22). 
There is much more to hunger than just an empty 
stomach. Nutritional hunger can be just as 
debilitating, and, while it takes longer, just as 
fatal as out-and-out starvation. In the developing 
nations, some 270 million children under 14 years of 
age suffer .. seriously· from malnutrition. Millions 
die because malnutrition has sapped their resistance 
to childhood diseases (25). 
Malnutrition is especially serious for pre-school children because 
this is a critical period for the developnent of the brain and protein 
is needed for this. If protein is not received, then the brain will 
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not develop properly. Lack of protein may be a cause of much of the 
apathy and listlessness of the people in the �derdeveloped countries 
(26). 
Our traditional approach to food production has one fault and 
that is that it has been inefficient in providing those substances· 
that are most essential to our dietary needs. These substances most 
· valued and essential are the proteins found in such foods as meat, 
fish, eggs, and dairy products. Unfortunately the conversion from 
animal protein into human protein is less than ten percent (2.3). 
The food chain is roughly ten times longer than it 
needs to be in·theory. For edible vegetables it is 
short, where for fish of large size it is incredibly 
long. A pound of tuna, for example, represents some 
10,000 pounds of original nutrients, which is rather 
shockingly low efficiency. Steak production from 
alfalfa or soybean meal is about 7% efficient. If 
on the other hand, the alfalfa or soybean meal were 
consumed directly by man, this efficiency would 
jump roughly tenfold to about 70%. Such a.n approach, 
which avoids an intennediate consumer, could have a 
tremendous impact on the problem of extra availability 
of food for human consumption (23).· 
· Some of the questions that might be presented at this time 
are: How can science help? Can the food chain be shortened? Can 
untapped supplies._ o:f protein be drawn upon in a satisfactory and 
economic manner in the near future? (29) 
ROLE OF PROTEIN 
Probably the first thing that should be considered in 
attempting to find answers to_
· �hese questions is the role of protein. 
Proteins are composed of amino acids whi�h are released during 
digestion and refonned into our own body_proteins. Ten of these 
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amino acids are "essential". They must be supplied by the protein 
foods. The others are fonned in the body from. other foodstuffs. 
If a certain food lacks one or more of these "essentials", all of 
them are useless unless the missing one or ones are added or eaten 
by the use of other foodstuffs (2). These amino acids are used in 
the building and repairing of tissues and other body functions (15). · 
THE TWO APPROACHES 
There are two approaches to the problem of lack of protein·. 
in our foods. First, make the most of what is on hand. Second, 
develop new sources of protein that use the efficiency of photo­
synthesis directly rather than requiring a protein producing "middle-­
man" ( 2). The first method would include the fortification of cereal· 
grains to improve their protein content. The second would include the 
developnent of commercial protein food industries within the less 
developed countries themselves (25). 
One of the problems with the first·method is the fact that 
animal protein is too e.xpensi ve. The goal is to convert vegetable 
protein into acceptable food at a low cost (24). But grain•proteins 
are not as good as animal proteins-because they lack certain essential 
amino acids. Some lack lysine, others tryptophane ( corn) and threonine 
(rice and wheat). Of course, cereal proteins can be improved by 
breeding new varieties to get better amino acid balance and amino 
acids can also be supplemented (2). An effort is being made to improve 
amino acid composition in corn, wheat, and grain sorghums through 
.I 
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research in genetics. Scientists from Purdue University have developed 
.a new variety of corn with twice the lysine content of other varieties 
(29). 
Formerly enriched foods ma;de by the addition of amino acids 
would have been prohibitive because of the expense and the availa­
bility. But now amino acids are becoming available in larger quanti­
ties at less cost. Science (29) reports that "it has been estimated 
that at a cost of one dollar a pound for lysine it would cost one 
dollar per person per year to upgrade the protein value of wheat in 
a country like India." 
·In Japan a commercial fermentation method is being used .on 
small scale by an American firm. Chemical synthesis may be the 
answer for the future, though it is not very significant yet. But 
the Dutch State Mines of Netherlands has set up a chemical synthesis 
plant with the capacity of up to six million pounds of amino acids a 
._year (29). 
Lester R. Brown of the United States Department of Agriculture 
feels that there is little hope that the increase in the food supply 
through the expansion and improvement of conventional farming will be 
- , 
sufficient, unless there would be a technological breakthrough, such 
as the development of desalination process cheap enough to pennit the 
irrigation of vast desert areas (29). 
Some scientists believe that if our food supply cannot keep up 
with our expanding population then the protein value of cereal grains 
should be enhanced and protein-rich dietary supplements should be 
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produced to whatever food is available. This will be the next con­
sid�ration of this report--synthetic foods. 
First consideration should be what constitutes a synthetic 
food� 
Synthetic food products are not inferior imitations or 
substitutes ·for food products of plant or animal origin; 
they are essentially the same substances, although they 
are in different fonns. They are synthesized in ways 
that give promise of being quicker, cheaper, and more 
efficient than their production by living organisms (15). 
l�en reference is made in this report to synthetic foods, complete 
man-made synthesized products such as vitamins will not be meant, 
but simulated foods made by man from natural foods but in different 
, form than is known • .  An ___ example would be a meat-like substance that 
tastes and looks like meat but is made from meatless soybean protein. 
The synthetic food products produced by Worthington Foods 
Inc. contain 30% protein as compared to real meat which has a protein 
content from 13% to 22%. But the meatless - foods contain less than 1% 
vegetable fat and no animal fat as-compared to the average fat content 
of real meat of 9%. The cost of these synthetic foods is more than 
that of real meat. The biggest reason for this high cost is the lack 
of automation (20). 
..----, 
HISTORY OF SOYBEANS 
Originally, soybeans were grown in the Far East, mainly in 
Manchuria. Soybeans were fir�� introduced to the United States in 
1804. Henry Ford saw it as of possible use for industrial products 
such as plastics. Industrially soybean products are used in 
adhesives, cement, paints, paper-coating processes, sealers, etc. 
Also a good share of soybean protein goes into animal .feeds . The 
newest use of protein from soybean is for edible meat-like foods. 
·unite� States and Manchuria are the largest producers of this crop 
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now. The United States r soybean harvest in 1964 was about 700 million . 
bushels. Soybeans have been selling at a price higher than the 
government support price on them. There has been no need for a 
govermn.ent surplus (21). 
The first vegetarian foods came into being in 1866 by the 
Seventh Day Adventists. Their involvement led to breakfast cereals, 
peanut butter, coffee substitutes, and decaf.feinated coffee (9). 
Soybean protein is now mainly a vegetarian food as was peanut butter 
in the beginning. 
The Ralston Purina Company is a supplier of edible soybean 
fibers (in which they have a patent) to Worthington Foods Inc. 
Purina started working with soybean to try to make wool-like fibers 
from it for the car industry (upholstery, dash boards, etc.) .  In 
1954 Purina patented soybean as an edible fiber and in 1957 Worthing­
ton Foods Inc .  obtained a license to sell meat-like foods (18) . 
----· Soybeans are recognized worldwide as an efficient 
producer of high quality protein and edible oil. 
The soybean plant has a high degree of adaptability 
and favorable agronomic characteristics which con­
tribute to its acceptance as an economically sound 
crop (12). 
As people become more prosperous in the developing nations, 
the demand for meat-like products will rise and a much greater portion 
of the oil seed fields will be diverted to the raisi:ng of livestock 
and poultry. This in turn would greatly affect the calorie and 
pro�ein intake of the poor, reducing it significantly. The eating 
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of meat is a very inefficient way to get the calories and proteins 
needed in the human diet. · These, considerations, as well as others, 
have encouraged companies such as General Mills, . Swift, and Worthing- · 
ton to develop "texturized" products from soybean protein. Some of 
the texturized products are made by a complicated and expensive soy­





Same of them can be sold for as little as 20 cents 
a pound1(29). -(2 · _ . 
The protein level of soybean oil-.free meal is approximately 
55 percent, which is an impressively high figure, compared with .fresh 
meat o.f less than 20 percent. This high protein meal is not popular 
tor man's table since it is bitter and loaded with indigestible· 
carbohydrates. Its main use is now as a cattle food or as an in­
dustrial product ( 23) • 
DIFFERENT WAYS OF UTILIZIOO PROTEIN FROM SOYBEANS 
Soybean fibers can be used to supplement other meat products 
. such as hamburger, sausage, etc. -This would raise the protein content 
in these products. A problem with this is finding names �hat are 
appropriate .for these meatless products and for these protein supple­
mented meat products. The problem is that they cannot be labeled 
as meat but they taste like meat; (20). 
Another way to improve the nutritional value of food in the • 
underdeveloped . count ·es is to use the protein from soy oil ds. 
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Purified proteins may be extracted and isolated from soybean meal 
and they will contain impressive amounts of good quality proteins 
(23). After the oil has been extracted from these seeds, the meal 
pro�uced usually has a protein content of about 50 percent as com­
pared to 8 or 9 percent of corn. About the only use made now ·of 
seed oil is for livestock and fertilizer, but progress is being made 
towards developing food products containing protein obtained from 
soy oil seeds (29). 
Most of the edible soy protein comes from either flour or 
grits. They are a very inexpensive source of high;protein supplement 
for the cereal portions of many foods. They play :important functional 
roles in the making of foods� The difference between the two are the 
grits' large particle size and the fact that grits are only available 
in defatted forms. The flours are available in four forms: de-
fatted, low fat, high fat, and full fat (30). There are new methods 
__--c .__ � -..__:::...,J '----"' � • 
of µiaking soy protein better with respect to quality and function. 
_More and more soy flours are being utilized for many food uses. It 
is possible to get different levels of protein, fat, size by adding 
varying amounts of lecithin. The best use of soy proteins will be 
in combinations with other proteins for better balance of amino acids. 
Last year about 250 to 300 million pounds of soy flours and grits 
went into the formulation of food products (30). 
The "continuous solvent-extraction technique," developed by the 
Germans, was a major step in making soy flours. 
The need for improving flours' functional capabilities 
stimulated the search for controlling their heat treat-
ments which are often related to a flour's water-dispersible 
protein content. As a result, flours are available 
in a wide range of water-dispersible protein con­
tents, each suitable for a particular food appli-
cation (30). 
Heat treatments also alter the water absorption, nutritive value, 
color, flavor, and digestibility of soy flour (30). 
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While there have been insufficient attempts to improve the 
fiavor of soy .flour, more progress must be made. Flavor restricts 
the use of soy flour to certain bland food items. Therefore, it is 
necessary to improve the flavor without adding to the cost (25). Soy­
bean flotir can be used in soy beverages, and as components of breads, 
soups, curries, and other cooked dishes (30). Using soy oil in the 
flour cuts the amount of shortening needed. Also the protein in 
flour where soy is used has a mellowing action and less milk is needed. 
A better baked product also results in texture, color, and longer 
keeping qualities. Handling and mixing are also simplified (30) • 
Soy concentrates cost more·than soy flour, but water absorption 
is good in concentrates, better than soy flour. Concentrates can be 
� added to ground meats, where one pound of concentrate plus water 
replaces three pounds of meat. And the protein value of the product 
is increased. Concentrates can also be used in specialty breads, 
fudge, noodle products, baby foods, snacks, meat, etc. (30). "Soy 
concentrates represent a protein rich fraction prepared by extracting 
most of all the oil and nonprotein fractions with dilute acid and 
alcohol" (30). 
constituents s added to 
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bread it raises the rotein level twice and it also 
tenderne s. They have bland flavor; therefore, can be used in more 
foods than soy flour . 'lhey might be used in the future for dry mixes 
and for other convenience foods (30) . 
Another type of soy_product is 
soy t They are isolated from deratted 
soy flakes by a much involved process where the protein is separated 
from other soluble and insoluble components ·(17) . The preparation 
of isolates that are enzyme modified requires the adjustment of- pH 
to the level needed for specific enzyme used. Degree or enzymes' 
protein splitting results in ''spray and roller dried isolates with 
varying whipping characteri:sticsn (30). are usually su 
to th s'(,y flours with respect to· color, flavor, texture, fiber 
content, gelling, viscosity properties, ease and versatility of use . 
They are used in whipped toppings, chopped meats, frozen meat rolls, 
hamburger meats, boned hams, etc. (17) . 
Isolates are heat stable, do not precipitate in chilled or 
boiling mixes. Their food use is not as restricted as soy flour 
because the isolates are more pure�and have more protein. They are 
free of taste-, color, and odor. �hey are three times as 
e ensive as soy flour. They are rarely used in bread making because 
they have bad effects on loaf volume, crumb texture, and flavor {30). 
Soy protein can also be.u�ed as a foam or a gel. "Purified 
soy protein fornis staple foams and thennally reversible gels 11 {30).' 
Foams are prepared by water dispersing 3-10 percent sodium proteinate 
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and then it is heated before whipping. With but a few other in­
gredients, foams can be made to resemble cake icing,. egg white, 
marshmallow, etc. Gels are made by water dissolving 5-15 percent 
protein. Insolubles are centrifuged out and.heated • . Gels are used 
in canned sausage type meats, frozen confections, soup. It is bland 
tasting and contains 55 percent protein. It was developed by USDA 
(30). 
Quite a few new foods from protein concentrates are now 
entering the race against nutritional disaster. One of the new types 
of foods is the so called·"textured" high protein foods. They are 
tenned "textured" because part of the.process used was from the 
application of textile technology (23). Products can be "engineered" 
to� combination of protein, fat, and carbohydrates. Color, flavor, 
vitamins, minerals, amino acids, etc. may be added as desired. Tough­
ness, tenderness, density, texture, coarseness, etc. , may be controlled 
to desired amount (30). 
"Spun soy protein fiber's texture and protein value are prime 
requisites for simulating food products that taste and chew like the 
real ones" (30 )·. Worthington's frozen Fri-Chik was the first soy -
protein fiber product. This was "an extruded fonnulation simulating 
a fried portion of white chicken meat" ""(22). This same stuff was 
canned ·in gravy and called Soyameat. Later it was shaped into large 
rolls in cans and frozen and called White-Chik. Other products followed 
including snacks, breakfast cereals (with nearly 100 percent protein) 
{22). 
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The production of texturized soy protein chunks, chips, etc. 
has caused considerable interest in their use for simulated products 
like hamburgers, bacon, chili beef. An example is the product fonned 
by Archer Daniels Midland by the !'extrusion process" and their product 
can be formed into many shapes--chips, chunks, flakes, puffs, etc. 
· The company feels that there will be a greater demand for chunky or 
snack type products than for simulated whole meats. General Mills is 
also working on a chunk like product simulating ham, chicken, bacon, 
and snack items. H. B. Taylor has a product called Textrasoy with a 
nut-like flavor and crispy texture. Upon eating it does not become 
a nasty mess in the mouth. Ralston has a powder f onn which is 9 5 
·percent protein. This can be used in bakery products, cereals, cmd 
calorie drinks. Worthington _has simulated meats into almost any 
shape and flavor, fresh and frozen, etc. (30). 
Another way to use soy protein is through soy beverages. 
There are many processes for making these, the most used are the 
wet and dry methods. The wet process has a filtration step which 
removes insoluble cc1:rbohydrates, but the soaking step removes some 
·soluble carbohydrates _ as well. Both methods are still on the 
experimental stage (12). 
WHAT DIFFERENT COHP ANIES HA VE DONE 
Worthington Foods has been supplying protein foods for the 
vegetarian for 25 years. Wheat protein and gluten were the primary 
ingredients in early Worthington protein foods. These were usually 
in the form of patties or cutlets, which were normally canned or 
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ground into a "burger-type" product (9). In 1957 Worthington ob�ained 
a· license to manufacture vegetarian foods under the Boyer patent (who 
made a great contribution in the development of edible protein). 
Worthington has expanded greatly,and their products are now sold in 
all fifty states (9). 
Worthington Foods caters to the non-meat eating public by 
giving them non-meat food in the fonn of meats like hotdogs, ham­
burgers, sausage, etc. Wheat and soybeans are two sources of protein 
for these non-meat meats. Because of the fibrous texture of the soy­
bean protein, it has a texture similar to real meat. Worthington 
now hopes to expand their market to include more non-meat eaters 
. other than the Seventh Day Adventists, who have been the main customers 
of Worthington up to the present (18). 
"Fibroprotein is the registered trademark used by Worthington 
Foods, Inc. to identify its edible spun prot�in fibers" (9). These 
soy protein fibers can be flavored and colored so as to have a meat­
like product. Fibroprotein can be made to resemble chicken ., beef, 
ham, sausage, coldcuts, frankfurts, etc . These are available in 
fresh, frozen and dehydrated forms. And their shape and size is any- · 
where from a cube to a roll (9). Suggested uses· of fibroprotein by 
Worthington are as protein ingredients in baby foods, as protein 
morsels in meatless chili, as textured protein in pot pies, in chinese 
foods, as a replacement for meat �n gravies, soups, casseroles, as a 




Some advantages of fibroprotein are: convenience, high protein 
value (approximately 100 percent in dehydrated foods), low fat value 
(as low as one percent), no a.n:unal fat, no bones or other wastes, no 
meat inspection required, low bacteria count, and controlled texture. 
The price of the fresh or frozen is 80 cents to one dollar per pound 
. and the dehydrated is between a $1.50 to $2. 50 per pound, and the raw 
is 50 cents to 60 cents per pound (9). 
Worthington' s Fri-Chik: was considered by most people as a low 
calorie food while it actually had more calories than its meat 
counterpart. This did stimulate Worthington to make products that 
did contain less fat and carbohydrates and they were advertized as 
.low calorie foods (9). 
The Worthington Foods, Inc. uses a soybean fiber for a base 
that is tasteless by itself, but has such a texture that it readily 
will accept various other flavorings. The pr_otein content of this 
soybean fiber is more than that of meat, while the fat content can be 
controlled down to one percent. Almost anything can be done with this 
fiber. All kinds of coldcuts and unusual products have been made (20). 
Another product made by Worthington is Soyamel which is a 
. ..---
fine, white, milk-like powder .free of crude .fibers. It is high 
quality protein, fat and lecithin obtained from the soybean. When 
dispersed in water it forms a true colloidal liquid very similar to 
milk in flavor, appearance, and nµtritional value. It is non-perish­
able, easily saved, easy and quick to make, and it has more protein 




in those allergy sensitives who cannot drink milk. It is also vcµ_uable 
for special diets such as cholesterol controlled diets. It can be 
used for children and adults alike (8). 
'Another type of food is a,synthetic dehydrated meat loaf. 
All that needs to be done is to add water and bake. This meat loaf 
. contains no meat at all. It is a convenience item for the housewife 
(19). 
In Israel a researcher is working under a USDA research grant 
� j to came up with a new vegetable that is protein enriched and can be 
t I\ bottle fed to babies. "�ists of steamheate.d chick- eas de­
fatted sesame flour, and heat-processed low-fat soybean fl:-our" (26). 
It will be high in protein, vitamin, and iron and will have a con­
sistency, as well as t_he calorie and protein content, of gruel (26). 
USDA has also developed a new version of the Indonesian way of 
making soybean tempeh. These foods can be deep fried as chips or 
added to soups and other dishes and can supplement diets in the 
underdeveloped countries (26). 
The Arthur D. Little Inc. of Massachusetts under a U. S. 
goverrnnent contract is working on "rapid and accurate methods for -
analyzing amino acids in soybeans" (26) . The amino acid composition_ 
and content has been found to vary with.., the environmental conditions 
as well as with the different varieties of soybeans (26). 
Another developnent of the.USDA is Bwhich has been found 
to be acceptable and a popular drink in Hong Kong. It is high in 
protein, competative in price, and outsells other 11soft 11 drinks. It 
.. has a. pleasant soy like taste and it was locally developed from 
material on hand (25). 
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The Ralston Purina Company has a process which involves 
"creating a bland soybean powder .1 then converting this powder into 
.fiber" (18). This powder contains up to 95 percent- protein. It 
easily absorbs food coloring and flavoring . It is used as a base for 
making all sorts of products from soybean potato chips to meat. So 
far the fibers have been produced only on a small scale (18). 
Ralston Purina calls its spun-fiber protein Textured Edi Pro. 
It can be fashioned into nearly any kind of food with any taste or 
look. These foods are taste free, they dehydrate and rehydrate 
.easily, can be adapted to dehydrated casseroles and other package� 
foods (13). In the processing the protein is chemically isolated 
from carbohydrates and oil. The protein isolate is further processed 
and spun into threads. "These threads, in turn, are combined into a 
• rope °like' tow, white in color, completely bland in taste, and fibrous 
in texture" (13). Ralston Purina also makes soybean in a powder form 
which is edible. This powder is almost pure protein. It may be used 
to enrich already existing foods and can be used as a whipping agent· 
and as a thickening agent (13). 
Central Soya makes isolated soy protein. Edwin Meyer (17) 
defines isolated soy protein as "the major proteinceous fraction of 
soybeans prepared from high qualit_y, sound, clean, dehulled soybeans 
by. removing a preponderance of the non-protein components . r, It does 
not contain less than 90 percent prote-in. . It is prepared from 
I .  
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. selected and defatted soybean flakes obtained from dehulled soybe�s. 
The fiakes are extracted with water at pH 8 to separate the soluble 
protein, · carbohydrate, and mineral from insoluble matter. The protein 
is then · separated from the rest �d acidified to pH 4. 6 with HCL to 
precipitate the globulin factor. The resulting 11curd" is separated, 
.washed with water, and dispersed at pH 7.0 with NaOH. ·It is then 
spray dried to produce the finished product . The temperature in the 
spray drier is 130-140 degrees Fahrenheit-the inlet air to the drier 
has the temperature of 400 degrees Fahrenheit and the outlet air is 
180 degrees Fahrenheit. Usually the protein is in the drier for two 
minutes (17) . 
The first work at Swift and Company was undertaken by Boyer 
and others and they used the "spun-fiber" concept . Since then work 
has been done mainly on using the soybean itself, at various stages 
of refinement, to produce synthetic foods withput using extraction 
procedures (16). 
Assay Protein C-1, produced by the Skidmore Enterprises, is a 
high protein, high purity, chemically isolated protein and it does 
not require any supplementation with gelatin. It is widely used in 
. -
research (mainly animal) because it is very low in vitamins and 
minerals (27). (Refer to Table 1.) 
India is now making plans to test the fortification of cereal 
crops with proteins. They are considering trying a "controlled" 
feeding experiment in institutions, such as orphanages, schools, or 1 
hospitals, where the diets of 100 to 200 children of various ages 
. TABLE 1 .  AMINO ACID ANALYSIS OF ASSAY PROI'EIN C-1 FROM SOYBEAN 
Grams 
Arginine* 8 . 3  
Histidine-� 2.6 
Isoleucine* 6 .5 
Leucine* 7 .5 
Lysine* 6 .8 
Methionine* 1 . 0  
Phenylalanine* 5.0 
Threonine�<- 3 .9 
Tryptophan* 1 .0 
Valine-� 5 . 5  
Glycine 4. 1  
Alanine 3 .6 
Aspartic Acid · 6 .2 
Cystine o . 6  
Glutamic Acid 19.5 
Proline 2 .5 
Serine 6 .9  
Tyrosine 3 -4  
*Essential amino acids. 
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. could be controlled and their nutritional status could be determined. 
�other type of test they are considering is to have a village used 
as the experimental group and whose food could be fortified with 
lysine. · other - villages close by 1 with essentially the same diets, 
could serve as controls . "This test would illuminate certain aspects 
of the technical feasability of lysine fortification" _ (29). 
ADVANTAGES AND DISADVAI\TTAGFB OF SYNTHETIC SOYBEAN FOODS 
Synthetic food fibers will make it possible to have "pre­
scription foodsq because the amount of fat, carbohydrates, and protein 
can be varied to fit the need of the individual. According to Kyd 
(l3), "they may be manufactured to nearly any prescription as to 
taste, texture,- and nutritional content. "  
These foods have many uses. They can be frozen, refrigerated, 
or dried to low moisture contents. Dry products can be stored at 
room temperature for a long time and then by the addition of water one 
can have a meat-like product. Some of these products can be made at 
a lower cost as compared to their meat complements (23). 
According to Ziemba (30), "to make simulated meats successful 
in this country will require herculean efforts of the major processors 
with sufficient R and D expenditures and promotional capabilities. 11 
There are problems relating to the taste, appearance, texture, and 
flavor still to overcome. Muhn (18) feels that naithough the world 
is sadly deficient in available human food protein, the development 
of the soybean fiber does not off er much hope for relief. 11 This is 
due to its high cost. The only hope is to use the soybean fiber in 
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gruels or other cheap fonns. This might be acceptable in areas with 
a food shortage, but not in more prosperous countries _ (18). 
It is questionable whether soybean products will be accepted 
in areas where their presence is , unknown. The customs, agriculture, 
etc., of the people of the area should be first considered . Also · 
the flavor, and quality of the soybean should be improved. It should 
be first found whether this food will be acceptable by the people 
before a large scale soy project would be introduced (12). 
The International Conference on Soybeans (12) adds that "soy­
beans have developed for reasons other than direct human nutrition 
with other vegetable crops. The real potential seems to be for 
satisfying the food wants of prosperous people. " This again is due 
to the high cost, therefore only making convenience and a snack-type 
item feasible, ·and these are for the rich. 
Also soybean meal or whole soybeans have bad side effects. 
A consumption of these in larg·e quantities in humans produces such 
symptoms as nausea, vomit�, cramps, and flatulence. If the amount 
is reduced to 146 grams a day, these symptoms decrease almost com­
pletely (12). 
According to C. W. Carlson ( 6), 
There is considerable similarity-== in the effects of 
soybean protein upon the mineral or vitamin . require­
ments of animals . In general it can be stated that 
the unheated protein does increase the animal ' s  · · 
requirement for certain minE;rals and vitamins, as 
compared with heated soybean protein or some other 
source of protein • .Some of this effect may be due, 




Science (29) reports that the commercial sales of high 
protein foods such as Incaparina have not been very good in most 
countries where they have been introduced. The market resistance 
was not -surprising to those who realized the difficulties to be 
expected in trying to improve dietary habits among the uneducated. 
As regards factors involved in adaptability, intro­
duction of any new type of soy product should be 
considered in relation to the �xisti.ng traditional t;:. 
r s rodu ed and o sumed i · n. The 
ueating habits ,  ultural patterns, and marketing ✓ 
facilities are also equally important considerations. 
The product must possess organoleptic characteristics 
that fit the expectations of the consumer, and should 
be presented in a fonn which could be easily incorpo­
rated in the local dishes or have resemblance to local 
foods and beverages (12). 
FUTURE AND OUTLOOK FOR STIH'HETIC SOYBEAN FOODS 
Medical interest in these high protein, low calorie foods is 
varied. It has been found that Seventh Day Adventists men have less 
coronary artery diseases than meat eaters of the same age group. 
The biggest hope lies in the economically poor countries, many of whom 
are vegetarian. Since animal protein is a waste (_animal eats plant 
which is high in protein, but only a small percentage of it is trans-
. ferred to the hmnans when he eats the animal). Therefore more 
attention will be turned to vegetable protein (9). 
According to Don Muhn (19), the largest market for synthetic 
foods is a ncaptive market 1 1 because they are people who cannot eat 
meat . Though the price of syntheti'c food is higher there is no waste 
in bones, fat, etc. Not only has the high cost hindered the market 
of meat-like products, but so has the personal preference of the 
. . l 
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people . So far the products have not been widely acceptable outside 
of the religious circles. Fifty million people in the United States 
are unable to eat meat of a certain type because of religious or 
personal. preference (13 ). 
Kyd (13) points out that the synthetic meat-l�ke foods were 
not intended for people who cannot eat real meat. There is no sub­
stitute for a choice steak, or a crisp fried chicken, or a baked 
ham, etc. For the present, at least in the United States, soy 
protein food will remain mainly for the vegetarian and the medicine 
needs. 
· There is more hope in the field of dehydrated protein products. 
Protein products can be easily dehydrated and made into many different 
fonns and different kinds of foods (9) . The danger of spoilage is low 
because the fat content can be controlled (18). 
According to Muhn (18), the hope lies in the industrial use 
of soybeans and not in the field of edible foods. But the author 
feels that this could be a changing picture since up until now the 
soybean has been a relatively new product in the United States. "lt 
appears to have an exceedingly bright future both in industry and as 
a food. " It is possible in the near future to have panelboards of 
spaceships made from edible soybean protein so that the astronauts 
could have a source of food in case of an emergency·. In the �ase of 
an emergency, the panel or part of it could be soaked with water and 
eaten. Or parts of cars, camping equiµnent, etc. could be made of 
soybean .fibers so that people can survive when lost or duri� an 
--------
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accident. These ideas, according to Muhn (18) , are not just dream�-. 
"but just another chapter in the development and utilization of the 
miraculous soybean . "  
It is realistic to say, a�cording to David Miller (16) , · that 
the next twenty years will see a dramatic increase in the use of 
protein extracts from soybean . "Part of this rise will be due to 
expanding industria!_ � ±on of protein but a large part will 
be the increased acceptance and acceptability of synthetic soy foods. "  
According to Hartman (9) , it will be 25 years before protein soy foods 
will be accepted by the whole population. But he believes that 
· ultimately they will become an important segment of the United States 
food supply. 
Our agriculture is attempting to maintain status quo . nnomestic 
and international agribusiness must re-e�aluate their goals , or the 
catastrophic war alternative will be exercised � the name of hunger 
rather than political ideology" (3 ) .  The livestock industry has been 
watching the growth of edible soybean meat with a stir . Ther have 
requested legislative action to prohibit the use of 11porkH . etc .  on 
these meatless products and to restrict the use of natural meat colors . 
in these products . As of yet synthetic foods are not a threat to the 
livestock industry because they are only used by a l:imited market but 
synthetic food could replace real food in the future like synthetic 
£abrics replaced �otton (21) . 
In sl.IDlIIlary, if synthetic foods are to be accepted their 
quality must be improved without changing the basic food and cooking 
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habits of the people and if these must be changed, then they first 
must be accepted by the different ethnic groups. If new foods are 
made they must be acceptable to these people ( 25) . 
INTRODUCTION TO Clffi.OMATCGRAPHY 
Since the literature review indicated that soybean protein 
appears to be a suitable source of food protein, an attempt will be 
made to analyze the amino acid content of this protein. The method 
of analysis will be done by chromatography. 
Chromatography can be defined as that technique 
for the separation of a mixture of solutes in which 
separation is brought about by the differential 
movement of the individual solutes through a porous 
medium under the influence. of a moving sol vent · (1). 
In theory a portion of the material which is to be separated will 
"be found in the mobile liquid phase and a portion will be absorbed 
to the solid absorbent particlesn (11). As this process goes on, 
the different components move varying distances. "In general, the 
more polar compounds are held back by the absorbent, while the less 
polar materials advance further" (11). 
The origins of chromatography may well date back to the time 
of Pliny who used papyrus impregnated with an extract of gall nuts 
for the detection of ferrous sulfate. ..,Other men such as Runge, 
Schonhein, et al. made studies in this area as far back as 1850 to 
1910 (4). But it was the Russian biologist TSw-rett in 1906 who was the 
first person to appreciate the possibilities for chromatography. He 
used a porous medium consisting of finely powdered chalk which was 




He noticed that "when a solution of green plant pigments was appli�d 
to the top of the coli.mm and then washed down with light petroleum, 
a series of horizontal bands of the different pigments began to 
separate from one another as they moved down the column" (1). In 
this experiment the separation had nothing to do with the fact that 
the compounds were colored, but was due to the fact that the various 
pigments absorbed differently with chalk (1) . 
The term chromatography was coined; it means "color writing" 
literally . Tswett • s  exper.iment was probably the first one of 
absorption column chromatography (1).  
According to Block, Durrum et al. (4) , :the great popularity 
of the paper chromatography method is due to Martin and Songe et al . 
They built a complicated forty�plate apparatus for the continnous 
separation of acetylated amino acids. They passed the solvent through 
a trough of water which contained silica gel. Later the silica gel 
was replaced by filter paper as the inert support . Acetylation of the 
amino acid was no longer necessary and now the amino acids could be 
detected directly on t�e paper by treatment with ninhydrin. This 
method was paper partition chromatography which consists of applying ----
a small drop of the substance to be separated to a strip of filter 
paper, this in turn is placed into the �ater containing organic 
solvent . The solvent flows past the spot by capillary action and 
down the length of the paper. · This ,was done in an open column. 
I 
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Thin layer chromatography did not have wide use .as a standard 
procedure until 1958 though it was discovered about 25 years before 
that. It was popularized by Stahl ( 4 ) • In thin layer chromatography 
separations are carried out with ,thin layers of almost any material 
supported by a glass plate. . I I 
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METHODS AND MATERIALS 
In thin layer chromatography the kit of Eastman Kodak Company 
was used and materials in it consisted of two glass plates between 
which the chromatographic sheet was placed and clipped together with 
spring clips. An easel was also included in the kit which held a 
solvent trough and supported the glass plates. 
In paper chromatography, as no large tank capable of holding 
more than two chromatograms at a time were available, several tanks 
and jars of various types and sizes were employed. One jar was 46 
cm tall and 26 cm wide and two jars were 36  cm tall and 23 cm wide. 
One tank was 23 cm by 9 cm by 23 cm, another 58 cm by 23 cm by · 58 cm 
(1n agronomy), and another tank 75 cm by 53 cm by 47 cm (in agronomy). 
Various dimensions of paper were used according to the size of the 
tank. In the larger jars both ascending and descending chromatography 
were used and with different solvents. In all other tanks only 
ascending chromatography was run. In the 9.x23.x23 tank both one 
dimensional and two dimensional chromatography were run. In · the 
jars the two dimensional method could only be run by rolling the 
chromatographic paper into a cylinder as the racks provided with the 
jars only pennitted narrow strips to be hung which would not be wide 
enough for a second dimension. 
The paper used was either Whatman No. 1 or Whatman 3 mm. This 
paper was used in paper chromatography. The material for thin layer 
chromatography is made up of a 100 microns thick layer of silica gel 
I 
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on a 200 microns thick support of polyethylene and a solvent­
resistant polyvinyl alcohol binder. 
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There were many solvents used. One used in both thin layer and 
paper chromatography was No. 1-qutyl alcohol/acetic acid/water in the 
ratio of 80: 20:20 v/v, and in two-dimensional thin layer chromatography 
s·olvent No. 2 was N-propyl alcohol/water in the ratio of 7 :J. Also 
phenol was used for solvent number 1. Here a one to four ratio of 
metal-free water was dissolved in Mallinckrodt Gilt Label phenol by 
gentle warming. This was stored in the refrigerator where the cold 
causes a separation into two layers. A beaker containing 100 mg of 
NaCN in 4-6 ml of water was placed in the chamber. The liberated HCN 
retards the decomposition of the phenol. Chromatographic phenol wa� 
also used in which 40 ml of water was dissolved in 460 ml of phe�ol. 
One centimeter layer of this phenol saturated with water was put into 
chromatographic tank with 100 ml beakers contai� 20 ml of 0.3% of 
NH40H. 
The known standards were made by placing 50 mg of each ten 
amino acid (essential) in 50 ml of alcoholic HCL. The preparation of 
samples needed for chromatography were prepared and stored in the 
refrigerator. 
The unknown was soybean protein 1nade by both acid and alkaline 
hydrolysis. In acid hydrolysis 5. 0 ml of 8N H2so4 was added to 0. 5 
grams of soybean protein in a 50 ml Erlenmeyer flask. The flask was 
stoppered with cotton and was autoclaved at 15 pounds for five hours. 




After each addition, it was necessary to wait _ for the barium hydro.xi.de 
to dissolve before adding the next portion so that the neutrality 
was not exceeded. Hydrogen ion paper was used as a pH indicator. The 
last stages of neutralization t� pH 3-4 or higher were done by adding 
saturated barium hydroxide solution. The voluminous . white precipitate 
was removed by filtration and washed twice with 5 ml of boiling water 
and then discarded. The combined filtrates were made up to 25 ml and 
stored in the refrigerator for further use . 
In alkaline hydrolysis 0 . 5  g of soybean protein, 10 ml of boil­
ing water, and 6.3 g of Ba(OH)2. BH20 were placed in a 50-ml Erlemneyer 
flask. The flask was stoppered with cotton and warmed gently while 
mixing to dissolve most of the Ba(OH)2 • It was autoclaved at 15 
pounds for five hours. The solution was titrated by adding about 2. 5 
ml of 16N H2so4 • When the pH had dropped to 10, less concentrated 
H2S04 was used until pH 7 was reached. The precipitate was filtered 
off with a filtering flask and washed twice with five ml portions of 
boiling water. The combined filtrates were made up to 25 ml with 
water and stored in a refrigerator for further use. 
The first method of chromatography used was thin layer, which , 
is a technicue of separation chemistry where a slurry of material is 
placed on a glass plate or a flexible polyethylene sheet. The mixture 
which is to be separated is applied to the absorbent layer of paper 
which is placed in the tank containing the solvent. Silica gel or 
other fine-grained material is used as the absorbent. 
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Some of the advantages of this method are the speed (90 
minutes as compared to 6-22 hours of paper chromatography) . It is 
high in sensitivity, separations are usually sharp and it is relatively 
simple to . operate (10) . These are some of the reasons that this 
method was the first to be tried in attempting to detennine the amino 
acid composition of soybean protein. 
Some of the disadvantages are the cost, need for proper and 
complicated equipnent for accurate r�sults, and the slurries require 
special handling (11). Furthennore, according to Dr. Klug of South 
Dakota State University, thin layer chromatography is better for fats 
and carbohydrates. 
In general , procedures followed for thin layer chromatograph� 
were as given in the instructions manual in the thin layer chroma­
tography kit made by Eastman Kodak Company. 
In the procedure for thin layer chromatog_raphy the amino acid 
standards were used. One to five microliters of the amino acid, 
either each separately or in a mixture, were spotted on a prepared 
sheet of thin layer paper 2 cm from one side and 2 cm from the bottom • 
.. 
The main solvent used was butyl alcohol/acetic acid/water in a ratio 
of 80 : 20 : 20 v/v. _ The paper was left approximately 90 minutes in the 
solvent. They were then dried in the hood and sprayed with 0.3% 
ninhydrin and then heated at 100 degrees Centigrade in an oven for 
five minutes. 
The second method used was paper chromatography. Here several 
methods were used--ascending and descending methods were used as well 





The descending method consists of a filter paper strip� the 
upper end of which is immersed in a trough - containing the solvent. 
The filter paper strip hangs in an airtight tank whose atmosphere is 
saturated - with water and solvent. There is a rod placed over the 
paper in the trough to keep it in place. 
The ascending method consists of a tank as airtight as possible 
· and a trough for the solvent at the bottom of the tank. This method 
is slower than the descending one but results are more consistent 
and the apparatus is simpler than in the descending method (5). 
Some of the reasons for choosing this method of analyzing the 
amino acid content of soybean protein was the simplicity of the pro­
cedure, the inexpensiveness of it and the fact that it is a good 
method, according to Dr. Klug of South Dakota State University, to 
analyze amino acids. Also poor results were obtained with thin 
layer chromatography, so a decision was made to try this better known 
method. 
In single dimension paper chromatography both ascending and 
descending methods were used. Many procedures were used here, 
mnnerous solvents, tanks, etc. , were used. In general for one 
dimension, the paper was spotted with the amino acid mixtures, the 
ten standard amino acids or the unknown·,, hydrolysates or a combination 
or two or more of these. The spot was placed approximately two centi­
meters from the bottom of the chromatogram paper except with descending 
chromatography where it was placed 30 cm from the top of the paper be­
cause the top had to be folded and anchored in a tray at the .top of 
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the tank. These chromatograms were treated wit� various solvents 
and put in tanks for a period ranging from six to 22 hours and let 
them develop until the solvent fronts were close to the top of the 
paper. �ey were air dried overnight in the hood. They were sprayed 
lightly with ninhydrin and then heated at 100 degree� Centigrade in 
an oven for five minutes. These chromatograms were saved. 
In two dimensional chromatography a single spot of varying 
concentrations of either a mixture of standard amino acids or acid 
or alkaline hyd.rolysate was made on separate sheets of either 2lx2l 
cm Whatman No. 1 or Whatman No. 3 paper on the left hand corner 
approximately 3 cm from each edge. Careful notice was taken that the 
spots were not larger than 5 nnn in diameter. These papers were either 
rolled in a cylinder if placed in a jar, or hung in a chromatographic 
tank. The solvent front was allowed to come within a few centimeters 
from the top (this took anywhere from 6-22 hours varying on the size 
of the paper and the solvent used). The chromatograms developed in 
phenol were allowed to air dry overnight in the hood to re.move the 
phenol odor on the paper. When the phenol odor had nearly disappeared, 
the chromatograms were ·dipped in a trough of diethyl ether in the --
hood to remove the residual phenol. Then the papers were air dried 
to remove the ether . When the chromatograms were completely dry and 
free of phenol, the papers were rerolled in the cylinder or rehung 
in the tank at 90 degrees to the first one. 200 ml of n-butanol was 
mixed with 60 ml of HCOOH and 50 ml of water and this solution was 
added to clean chromatographic jars. The chromatograms were placed 
I 
I 
in the jars or tanks and developed overnight or until the solvent 
front was a few centimeters from the top. 
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Also another method of two dimensional chromatography was used. 
Here prior. to the _application of the spots, the full sheets of paper 
were equilibrated with the organic phase of n-butanol/acetic acid/ 
water in the ratio 4 : 1: 5  and the solvent was allowed to move up to 
a few centimeters from the top. The paper was hung in the hood to 
dry. The paper was then spotted approximately three centimeters 
from the bottom and three centimeters from the left side. Then it 
was put in the first solvent of n-butanol/methyl ethyl ketone/water/ 
ammonia in the ratio of 5: 3 : 1 : 1  and developed for 22 hours. The 
paper was then removed and dried for approximately three hours. 
Butanol/formic acid in water in the ratio of 200 : 60 : 50 was used as 
the solvent for the second dimension and all-0wed to develop overnight. 
The paper was then dried and sprayed with 0. 3% solution of ninhydrin . 
The Amino Acid Analyzer was also used because this is the 
most convenient and fastest method for analyzing amino acid compo­
sition of substances such as soybeans. This was used to check the 
results obtained by chromatography. 
I 
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Both ascending and descending chromatograms were run using 
the n-butanol/fonnic acid solvent. The best results from this solvent 
were obtained on 1fuatman No. 3 mm paper (see Figures 1 and 2), where 
· on each chromatogram five of the amino acid standards .. and a :mixture 
or ·the amino acids were spotted and allowed to develop for 19 hours. 
The spots were circled with pencil so that when the spots faded their 
position could still be located. The spots labeled A, B ,  C ,  and D 
were assumed to be due to improper standards as each of the amino 
acids were identified. The chromatograms of the hydrolysates run in 
this solvent gave detectable spots, but with incomplete separations. 
The use of descending chromatography , using n-butanol and 
fonnic acid, resulted in very poor separation of the amino acid 
standards and no separation of the hydrolysates at all (although 
different procedures were tried such as different developing time, 
paper, and concentrations of hydrolysates). 
The chromatograms.run using chromatographic grade liquid phenol 
resulted in chromatograms which were brownish in color masking any 
spots which might have been detectable. The Gilt Label liquid phenol 
gave results which were as satisfactory as those obtained with any 
other solvent. A typical chromatogram developed � Gilt Label phenol 
is shown in Figures 3,  4, and 5. Figures 3 and 4 show the results 
of using the ten amino acid standards-, the alkaline and acid hydro­
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5 is the result of using ten amino acid standards which were spotted 
and allowed to develop for ten hours . 
Two dimensional chromatography was tried using these solvents 
and others . Of the ones tried the method using n-butanol/methyl 
ethyl ketone seemed to give the most satisfactory results and the 
best separation (see Table 2 for the results obtained by this method). 
In the other methods of two dimensional chromatography there seemed 
to be very little or incomplete separation of the amino acids in the 
hydrolysates or in the standard amino acid mixtures . 
Typical Rr values obtained from acid and alkaline hydrolysates 
of soybean protein extract are given in Tables 2 and 3. 
The amino acids found to be present by the Beckman Model 120B 
Amino Acid Analyzer are listed in Table 4 .  
TABLE 2.  R.r 




N-Butanol-Formic Acid .156 . 201 . 273 .3]3 .366 .464 . 529 .661 . 715 . 768 
· Phenol-Water .300 .327 .353 .381 .463 . 545 . 808 
Two Dimension 
Solvent 




. 159 .171 .184 .194 .203 .319 .372 .447 .497 · . 53 . 






.147 .175 .288 .322 .369 .462 . 525 .647 . 699 .- 756 
.297 .362 .386 .425 .475 . 557 .811 
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Aspartic Acid Isoleucine 
Threonine Leucine 
Serine Tyrosine 
Glutamic Acid Valine 
Proline Phenylalanine 
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�ere was no attempt made to make_ a quantitative evaluation of the 
various amino acids. 
I 
· I 
I ,  
44 
DISCUSSION 
In the results obtained by the research, the Rf values ob­
tained by paper chromatography of the amino acid standards compare 
closely ,dth those found by other researchers who have worked with 
the chromatography of amino acids. An exception, however, was found 
in the Rf values of arginine , histidine, and lysine as obtained in 
the phenol solvents. 
Results obtained in this report agree with the following 
remarks. nwe have not found the Rf values of any great use in 
identification , and although it is often quoted with an astonishing 
degree of precision, it is at best only a rough guide and should 
never be used as the sole means of identifying an unknown substance" 
( 4). Also according to Block ., Durrum, and Zweig (4) ., the Rf values 
may vary considerably depending on the solvent used, the length of 
the flow , the type of paper and the temperature of the solvent, there­
fore both standards and unknowns would have to be run at the same 
time and under exactly the same conditions to obtain similar Rr values. 
But they should remain i:r:i the same relative order. Therefore by 
knowing the relative position of the standards, . an estimation of the 
amino acids in the · hydrolysates could be roughly determined. One 
problem would be whether the Rr values obtained from the hydrolysate 
was that of an essential amino acid or that of another amino acid (14). 
In some of the larger spots _obtained ' BY the . hydrolysates it was - diffi-
cult to determine whether it was one amino acid or a combination of 
1 
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amino acids which had very similar Rf values. For example arginine, 
histidine, and lysine have similar Rf values. 
Since incomplete analysis was obtained by paper chromatography, 
the hydroly·sates were run through the amino acid analyzer for a check 
of the results obtained and as a more complete analysis of the amino 
acids thought to be present in the protein extract. This proved 
especially useful since it allowed separation and positive identifi­
cation of amino acids with similar Rf values. 
Although no attempt was made to determine the amount of each 
amino acid present it was noted in the analysis by the amino acid 
analyzer i,hat tryptophane was in very low amounts and barely de­
tectable. According to Clark (7) this could be due to the fact that 
during acid hydrolysis certain amino acids, mainly tryptophane, are 
destroyed under prolonged treatment. Although it may have been 
partially destroyed during hydrolysis it was still in sufficient 
quantities to be detected on the chromatograms. 
The method of chromatography Gould be expanded to evaluate the 
amino acid content in s01.bean protein quantitatively. This would be 
done by the use of a colorimetric _!Ilethod and setting up a curve by 
using known standards, then comparing the values obtained from the 
various spots of the unknown hydrolysate to the curve obtained from 
the known standards to determine their concentrations . 
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CONCLUSION 
The experimentation done answered at least one phase of the 
question . _Plant �ean protein does conta:i n the h� essefili!h!. / 
� �
no a�ds necessary for a food to be a high protein food. As far 
as whether soybean protein could serve as a possible solution to the 
world food problem, will be up to the different industries. What is 
left for them to do now is to find an acceptable and an inexpensive 
method of producing a highly nutritive food out of soybean protein. 
One way to ma�e this food acceptable would be to add artificial 
flavoring to an inexpensive form of soybean protein. 
Since soybean is an abundant agricultural crop, economical 
and easily grown, it would seem that it could be an inexpensive source 
of high protein food. Furthermore through the survey of the work 
done in this field, it does seem possible that soybean protein could 
be made it) an inexpensive way. F.ats, oils, and carbohydrates from 
soybeans is the major interest of most of the industries at the 
present ; soy protein being only a by-product now mainly used as a 
feed for livestock. Since this high protein and nutritive by-product 
is so inexpensive that it can be used for livestock feed, it seems as 
though it could be utilized as a food sup�lement for hungry and 
starving people throughout the world. 
But the problem of acceptability is up to the different ethnic 
groups. So far the inexpensive high protein food marketed has not 
been very successful, probably due to the lack of foresight as far as 




More work needs to be done with soybean protein to make it a 
successful solution to the world food problem. It is highly nutritive 
as was exper:imentally proven by this research and research done by 
others who have worked in this field. If more research would be done 
to fulfill the other qualifications set forth in the introduction, 
then plant soybean protein would be the most likely candidate to 
alleviate the world hunger problem. 
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